Oligonucleotide primers for the polymerase chain reaction (PCR) that enable genus-specific detection of members of the genus Salmonella were developed. The primers amplify a 496-bp genetic sequence of members of the genus Salmonella. Amplification of DNA extracted from all other genera of the family Enterobacteriaceae and various other gram-positive aerobic and anaerobic bacteria yielded negative results. Applications of the PCR using these genus-specific primers are discussed.
Salmonellosis is an infectious disease of mammals and birds that can result in enterocolitis, septicemia, and death. 13 Infection with members of the genus Salmonella also can develop without causing clinical signs. 12, 13 Carrier animals shedding Salmonella in feces or body fluids are a source of infection to other animals. [12] [13] [14] 17 Factors associated with progression of infection to clinical disease include transportation, antimicrobial treatment, surgery, and gastrointestinal disorders . 3, 7, 12, 15 Because these factors are highly prevalent among hospitalized animals and because contamination of the environment by infected animals poses a risk to the health of people and other animals, identification of animals infected with Salmonella is of considerable importance.
Infection with Salmonella is generally identified by microbiologic culture of feces, tissue, or body fluids. 12, 13 Reliability of isolation of the organism by culture is diminished by various factors, including method used to collect the specimen, amount of specimen submitted, temporal and seasonal variation in shedding of the organism, and method of bacteriologic culture. 2, 3, 7, [12] [13] [14] [15] 17 I n horses, culture of rectal biopsy has been shown to have better sensitivity for isolation of Salmonella species than bacteriologic culture of feces. 8 Rectal biopsy, however, is invasive, and risks and costs of the procedure may outweigh the benefits of diagnosis.
More than 2,200 serotypes of Salmonella have been identified, and most or all are potential pathogens to animals and people. 13 Because multiple species of this genus may cause disease, detection of any member of the genus is useful for diagnosis and prevention of salmonellosis. We have developed oligonucleotide primers for the polymerase chain reaction (PCR) that enable genus-specific detection of Salmonella. The PCR has been used as a highly sensitive and specific test for the presence of pathogenic bacteria in clinical specimens and is particularly applicable when extreme sensitivity is required, such as for analysis of pathogenic bacteria in food or detection of animals shedding low numbers of salmonellae.
Materials and methods
Extraction of bacterial DNA. Bacterial isolates were obtained from clinical specimens submitted to the Texas Veterinary Medical Diagnostic Laboratory, the Department of Pathobiology, or from American Type Culture Collection a (ATCC; Tables 1, 2). Species of Salmonella were selected to represent a broad range of surface antigens. To demonstrate the specificity of the synthesized PCR primers for the genus Salmonella, other members of the family Enterobacteriaceae were subjected to amplification. Commonly isolated grampositive aerobic and some anaerobic bacteria also were included in the study.
Bacteria were grown in liquid medium. Bacterial suspensions were centrifuged at 500 x g for 30 min to pellet cells. Cells were resuspended in 150 µ1 of lysing solution containing 50 mM ethylenediaminetetraacetic acid (EDTA), 50 mM Tris HCl, 20% sucrose, and 100 µg of lysozyme, and the suspension was incubated at 37 C for 30 min. One milliliter of lysing buffer containing 100 mM NaCl, 25 mM EDTA, 50 mM Tris HCl, and 50 mg proteinase K was added to each sample, and the solution was incubated at 60 C for 2 hr. After incubation, DNA was extracted using 25:24:1 phenol : chloroform : isoamyl alcohol and 24:1 chloroform : isoamyl alcohol and then precipitated with ethanol. Concentrations of DNA were determined with a fluorometer, b and samples Table 2 . Bacteria other than members of the family Enterobaced by polymerase chain reaction using primers specific for the genus teriaceae tested by polymerase chain reaction using primers specific Salmonella. * for the genus Salmonella.
Results
The amplified target sequence of the PCR was identified for all species of Salmonella (n = 19) that were tested ( Fig. 1) , including cultures of Salmonella arizona. The predicted amplification product of 496 bp was seen as a band on 2% agarose gels (Fig. 1 ). This band was not identified for any other genus of bacteria studied, including other members of the family Enterobacteriaceae ( Table 2 ; Fig. 1 ). A second smaller band was also seen. This second amplified fragment was only seen in conjunction with the 496-bp fragment and only in samples from species of Salmonella. The smaller fragment may have been the result of incomplete extension or an artifact of Taq polymerase. The smaller fragment did not confound the positive or negative identification of Salmonella species.
were diluted with water to a concentration of 50 ng/µl for the PCR.
Discussion
PCR reaction. Oligonucleotide primers of 25 bp defined the amplified region of a 496-bp segment of the histidine transport operon of Salmonella typhimurium. This gene was selected because it was considered to be highly conserved among species of Salmonella. The PCR primers were designed using a software program 10 and synthesized in the Department of Biology at Texas A&M University. The primer sequences for the upper and lower oligonucleotides, from 5' to 3', were as follows: upper strand, ACTGGCGT-TATCCCTTTCTCTGGTG; lower strand, ATGTTGT-CCTGCCCCTGGTAAGAGA. A PCR mixture was prepared consisting of 1.0 µM of upper and lower primers, 0.2 mM dNTPs, 10 mM Tris (pH 9.0), 50 mM KCl, 1.5 mM MgCl 2 , 0.01% gelatin (w/v), 0.1% Triton X-100, and 1.25 units of Taq polymerase. Forty-eight microliters of the cocktail was added to 100 ng of bacterial DNA per reaction. The reaction was run for 30 sec at 94 C, 30 sec at 60 C, and 45 sec at 72 C for 30 cycles in a thermocycler. c Products of the PCR were electrophoresed on a 2% agarose gel d containing ethidium bromide and photographed. Positive results were indicated by the presence of a 496-bp band seen on the gel with an ultraviolet transilluminator. e Most of the 2,200 serotypes of Salmonella are considered potential pathogens for people and other animals. 13 Genus-specific detection of Salmonella has application to clinical situations in which detection of Salmonella would support or confirm a clinical diagnosis. For example, although a great many serotypes of Salmonella have been associated with disease in vertebrates, approximately 90% of isolates from a veterinary medical teaching hospital were attributed to 12 serotypes. 4 Clinically, a genus-specific diagnosis of salmonellosis would provide important information regarding treatment, control, and prevention. Determination of the species associated with Salmonella isolates has important epidemiologic implications; a highly sensitive and specific test to identify members of this genus might augment epidemiologic investigations. Examples of application of the technique described in this paper to epidemiologic investigations include determining prevalence in a population where the species of Salmonella has been determined from a sample of the population and providing rapid, highly sensitive Amplification of DNA using PCR can be accomplished rapidly and is of particular value when concentrations of viruses or bacteria are low, when bacteria that are shed are nonviable, or when isolation of an organism is difficult. 1, 6, 9, 16 The PCR can be used as a highly sensitive and specific test for the presence of Further studies are needed to evaluate the effectiveness of these synthetic primers and PCR for detecting Salmonella species in clinical specimens and environmental samples. Amplification of DNA using the PCR may enable detection of microorganisms below the level that can be detected by microbiologic culture. 1, 6, 9, 16 Identification of Salmonella species by microbiologic culture frequently entails submission of multiple samples because of variability in the number of organisms being shed . 12, 13 Because detection of specific regions of the bacterial genome by the PCR is more sensitive than microbiologic culture, only a single sample might be needed for detection of Salmonella species by the PCR. Compared to methods of gene amplification that do not utilize thermostable DNA polymerases, the PCR is simple and rapid and increases the specificity, yield, sensitivity, and length of targets that can be amplified. 9, 11 
